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The National Aeronautics and Space Administration
(NASA) is constructing space shuttle facilities at Kennedy Space
Center (KSC), the primary launch, landing, and orbiter
refurbishment site which is scheduled to become operatioL1s in
mid-1980. A second site, Vandenberg Air force Base (VAYB), will
be funded by the Department of Defense (DOD) and is expected to
become operatio'.al in June 19°3 at a cost of about $1 billion.
Findinqs/Conc],:-ions: The needl for new facilities at VAFB is
quer.tinable. Proposed facilities at VAFB have been justifie.
primarily on the basis that northerly launcihes are not
permis3ible from KSC due to the danger ot flying over land. DOD
offici'al: contended that KSC shuttle launcies would not have the
capaoility to handle certain DOD payloads, and the Department of
State has axpre.sed a concern about the possibility of adverse
Soviet reaction to northerly launches from KSC. These
iustifications seem to be unwarranted since: lanu overflight
would no* be a serious problem with the type of vehic]e
involver,, and the critical phase of the launch would be ove.r
ocean; defense and civil missions projected for the 1980's are
feasible from KSC; ani the KSC delivery capability can be
increased to mort future DOD requirements. Congressional inquiry
may be needed to determine the seriousness of Stati's ccncern.
NASA and DOD believe that five orbiters tre needed with an
investment cost per orbiter of about $600 ,llion to $850
million. If an orbiter fleet of this magnitide were develocped,
funding might not be available for further scientific payloads.
Three orbiters could accommodate a ccnsiderabl¢ increase in
space activity during the next decade and a fourth orbiter could
provide for fleet attrition. Recommendations: Jnless there are
compelling national security reasons, the Congsas should .no.



fund VAfB modifications to accommodare the shuttle. It should
fund no more than the four orbiters now under development and
production, and N$SA's request for Orbiter 104 in the fiscal
year 1979 budget should be denied. (BTW)
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Report To The Congress
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A Second Launch Site For
The Shuttle? An Analysis
Of Needs For The Nation's
Space Prograim
This report examines the need for two space
shuttle launch sites and the number of shuttle
orbiters needed to support the Nation's space
program during the next decade. Billions of
dollars could be saved if planned operations at
Vandenberg Air Force Base in California were
transferred to Ke;lnedy Space Center in FRor-
ida and if fiscal year 1979 funds to start con-
struction of another orbiter' were eliminated.

The Congress should not fund the Vanden-
berg site unless there are compelling national
security reasons, nor should it fund more than
the four shuttle vehicles presently under de-
velopment and production.
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3 EXTERNAL TANK (ET) SEPARATION
About eight minutes after launch the main engines are shut-
down The Orbiter separates from the ET and continues as-
cending to an operational oroit. The nonreuseable Ef con 4 OPERATIONS IN SPACE: AUTOMATED AND SPACELABtinues around the world in a suborbital trajectory to a pre-determined remote ocean area. The Orbiter's primary purposes in space will be to deliver a5dretrieve paylaods in low Earth orbits, and provide support for

Spacelab missions.

Because mnost free-flying satellites require orbits highler than
the Orbiter can reach, expendable upper stages will be, used
for delivering these payloads to final orbit.
The Orbiter can be equipped with Spacelab, a gener._-purpose research I;a oratory, which rrtnains attached to the
Orbiter at all timer ao ring the mission.

SPACE TRANSPORTATION SYSTEM ISTS)

SPACE SHUTTLE

· SPACELAB

· UPPER STAGE PROPULSION UNITS

,/I' *GROUND FACILITIES AND SUPPORT

2 SRB SEPARATION THE TRANSPORTATION COST FOR A STANDARD SHUTTLE MISSION 6 EdE-ORBITAfter about two minutes the SRBs separate from the Shuttle IS ESTIMATD, BY NASA, TO BE OVER $16 MILLION (1975 DOLLARS). After space oerations have been completed, the payloadand are parachruted into the ocean about 145 miles from the BASED ON A 7 PERCENT ANNUAL INF LATIC.J FACTCR, THIS EOUATES doors are closed, and the Orbiter is decelerated and Orientediaunch site The SRBs will be recovered and reused an esti TO OVER $34 MILLIN PER FIGHT N REAL YEAR DLLARS.orremated 19 times. The main engines continue to provide thrust. 
for reentry into the Earth's atmosphere

1 LAUNCH 8 GROUND TURNAROUND OPERATIONS 7 APPROAH AND LANDINGTwo solid rockert buc,ters (SRBs) and the Orbiter's three About two weeks are needed to prepare the Shuttle vehicle In an unpowered (deadstick) glide, the Orbiter approaches a
main engines provide thrust for lift off for another mission. Grourrnd operati3ns incluJe predetermined landing runway, which may be at the launchpredetermined landing runway, which may b e telaunchrefurbirsf'rg1 the Orbiter, site or one of several contingency landing sites. In the latterSOIJRCC sAsA iristalliri payload(sl in the Orbiter's cargo bay, and case, NASA's modified Boeing 747 will ferry (piggyback) theintegrating the Orbiter, ET, and SRBs. Orbiter io the launch site.



COMPTROLLER GENERAL OF THE UNITED STATIE

WASH.NGTON, D.C. US

B-183134

To the President of the Senate and the
Speaker of the House of Representatives

This report questions the need for a space transportation
system consisting of two shuttle launch and landing sites and
five orbiters. It discusses the potential for accomplishing
a balanced and viable space program with a space transportation
system consisting of three or four orbiters operating from the
Kennedy Space Center launch and landing site at a potential
saving of $2.3 billion to $3.5 billion.

This report recommends that, unless th'ere are compelling
national security reasons, the Congress not fund modifications
to Vandenberg Air Force Base for a west coast shuttle launch
and landing site. It recommends also that the Congress
provide funds for no more than four orbiters. We testified
on March 9, 1978, on the issues discussed in this report
before the Subcommittees on Defense, HUD-Independent Agencies,
and Military Construction, House Committee on Appropriations.

This review was made as a part of our continuing effort
to apprise the Congress of the status of major system acquisi-
tions and to assist it in exercising its legislative and review
functions.

We made our review pursuant to the Budget and Accountiig
Act, 1921 (31 U.S.C. 53), and the Accounting and Auditing Act
of 1950 (31 U.S.C. 67).

Copies of this report are being sent to the Director,
Office of Management and Budget; the Secretary of Defense;
and the Administrator, National Aeronautics and Space
Administration.

mptroll General
of the United States



COMPTROLLER GE',RAL'S A SECOND LAUNCH SITE FOR
REPORT TO THE CONGRESS THE SHUTTLE? AN ANALYSIS

OF NEEDS FOR THE NATION'S
SPACE PROGRAM

DIGEST

The United States could save as much as $2.3
billion to $3.5 billi~> if it modified its
present plan for a space transportation system
consisting of two shuttle launch and landing
sites and up to five orbiters.

A balanced and viable space program with only
three or four orbiters operating from the
Kennedy Space Center launch and landing site
could achieve this saving. The need for new
facilities at Vandenberg Air Force Base is
questionable.

The National Aeronautics and Space Administra-
tion (NASA) and the Department of Defense
(DOD) have taken the position that the program,
to be fully operational, would require two
launch sites.

GAO feels that a single-site operation would
support the Nation's space program and recom-
mend" that, unless there are compelling national
security reasons, the Congress not fund modi-
ficatiorns to Vandenberg Air Force Base for
a west coast shuttle launch and landing site
and that it provide funds for no more than
four orbiters.

The fiscal year 1979 budget cycle will probably
determine the full complement of space transpor-
tation system facilities aid hardware (launch
sites and number of orbiteLs plus options).
NASA's budget request includes production funds
for a completely new vehicle, Orbiter 104,
which will ultimately cost about $852 million.
DOD's fiscal year 1979 budget request in-
cludes funds to start facility construction at
Vandenberg Air Force Base. This facility
is scheduled to be operational in June 1983
and will require an investment of about $1
billion, of which about $60 million has been

cIfve't. Upon removal. the report
cover dare should be noted hereon. i t'SAD-78-57



incurred. About $2.5 billion in manpower
costs will be needed to operate the Vandenberg
complex through 1992. Thus, the current
funding decisions will influence the Nation's
space programs during the next decade. Within
a given budget, the more funds are allocated
to transportation hardware and facilities,
the less funds will be available for space
science and applications. (See pp. 7 to 10.)

WP_ A SECOND LAUNCH SITE?

Proposed space transportation system facil-
ities at Vandenberg Air Force Base have been
justified primarily on the basis that north-
erly launches are not permissible from
Kernnedy Space Center due to the danger of
flying over land. Also DOD officials said
that Kennedy shuttle launches would not have
the capability to handle certain DOD payloads
and that northerly launches from Kennedy could
cause an adverse reaction from the Soviet
Union. (See p. il.)

The land overflight constraint seems unwar-
ranted, considering the nature of the shuttle--
a partially reusable and man-rated vehicle
with commensurate high reliability. Moreover,
it should be noted that the most critical
phase of a shuttle launch, regardless of launch
direction, is between the time of lift-off
and separation of the solid rocket boosters.
The critical phase or initial ascent of
northerly launches from Kennedy will be over
345 miles of ocean between the Center and the
coast of South Carolina. (See pp. 11 to 17.)

The principal proponent for the second site
is DOD; !et, the military payload model projects
an average of only four shuttle launches a year
from Vandenberg. All defense and civil missions
projected for the 1980s are feasible from
Kennedy in terms of orbiter performance and
requisite facilities.

DOD believes that one of its space programs,
involving two defense satellites a year now
projected for the Vandenberg launch, cannot be
accommodated from Kennedy because a 32,000-
pound delivery capability may be needed.
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The Kennedy delivery capability, however,
can be increased to meet this DOD require-
ment by making adjustments to the mission or
operating profile as appropriate. Also, be-
cause these payloads are still prospective
and are not planned for launch until after
1983, it seems preferable to design them specif-
ically for a Kennedy launch. Efforts are
underway to improve the weight-carrying capa-
bility of the shuttle. (See p. 16 and pp. 17
to 19.)

Also, the Department of State has expressed
a concern about the possibility of adverse
Soviet reaction to northerly launches from
Kennedy. Further congressional inquiry may
be needed to determnine if this concern is
serious enough to justify spending up to $3._
billion to construct and operate a second site.
(See pp. 20 to 24.)

ORBITER FLEET SIZE

The investment cost per orbiter is about $600
million to $850 million. NASA and DOD have
taken the position that five orbiters are
needed. This view is based largely on the
national payload mission model put together
by NASA, which projects 560 shuttle flights
during 1980-91. The mission model is only a
planning estimate, and neither the executive
branch nor the Congress has set forth specific
space objectives for the 1980s. The validity
of the 560-f ight model as an appropriate
national space goal is questionable. (See pp. 25
to 27.)

Po sibly the most significant aspect of the
present model is Spacelab--almost one-half
of the proposed payloads in the model involves
this space transportation system element,
Whether such extensive manned activity in
space is needed, however, is unknown. Such
activity is analogous to a permanent space
station, and, f' ring the fiscal year 1978
budget process, the Office of Management and
Budget recommended that, until the long-range
goals and objectives of the U.S. space programs
are assessed, funding of space station studies
be deferred. (See pp. 27 to 31.)

Tear eiii
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Space goals should be flexible so that program
plans can be adjusted to meet changing fiscal,
political, and technical circumstances. Even
with an annual sustained budget of $4 billion,
NASA would be unable to both finance its mis-
sion model payloads and undertake any future
major developments. Many scientists are con-
cerned that, after developing and procuring
a very ambitious transportation system, NASA
would not have substantial funds for further
scientific payloads. Procuring too many
orbiters would be uneconomical because idle
equipment would have to be maintained. More
significantly, it could create pressures to
utilize the available capacity, perhaps dilut-
ing the quality of space endeavors and affect-
ing other national priorities. (See pp. 31
to 33.)

For purposes of policy analysis, space capa-
bilities can be presented in terms of alter-
native fleet sizes--three and four orbiters.

Considering the substantial capabilities of
three orbiters, it is difficult to foresee
needs beyond that fleet size. An additional
orbiter obviously could provide an increased
yearly launch rate of 53 to over 60 a year.
The fourth orbiter would also provide a cushion
for attrition. The present administration has
decided to support a four-orbiter fleet, with
consideration for a fifth in future years
ii, the event that projected flight rates or
the accidental loss of an orbiter warrant such
an action. NASA's procurement strategy to
achieve this fleet size position is not com-
pletely clear. In essence, four orbiters are
already being developed and produced: Orbiters
099; 101, which was used for launch and landing
tests; 102; and 103. Yet, NASA's fiscal year
1979 budget request includes funds for a com-
pletely new vehicle (Orbiter 104), which is
described as the fourth orbiter because NASA
does not intend, at this time, to upgrade Orbi-
ter 101 to operational status. Under this plan
the optional or future orbiter will be either
(1) Orbiter 101, modified for orbital flight
capability, or (2) another wholly new vehicle,
procured after Orbiter 104. (See pp. 33 to
37.)
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RECOMMENDATIONS TO THE CONGRESS

Three or four orbiters operating 'from one
launch site, Kennedy Space Center, can meet
the Nation's foreseeable space program needs
during the next decade.

GAO believes that, unless there are compelling
national security reasons for the west coast
space transportation system site, the Congress
should not fund Vandenberg Air Force Base modi-
fications to accommodate the shuttle. (See
p. 24.)

The Congress should fund no more than the
four orbiters now under development and pro-
duct'-o Consistent with this position, NASA's
request for Orbiter 104 in the fiscal year
1979 budget should be denied. Three orbiters
can accommodate a considerable increase in
space activity during the next decade; a fourth
orbiter would provide for fleet attrition.
(See p. 38.)

Tear Shoetv
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GLOSSARY

Abort Any factor which postpones or pre-
maturely terminates a mission. An
abort can arise from a prelaunch or
postlaunch decision and can be
caused by the environment, any com-
ponent of the space transportation
system, or the payload.

Free-flying A payload which operates indepen-
satellite dently once lau:;-hed into orbit.

Launch azimuth The initial flight direction of the
shuttle. An angle measured from true
north to the direction of the ascent
ground track of the launch vehicle.
For example, a due east launch would
have an azimuth of 90 degrees and
a due north launch would have an
azimuth of 0 degrees.

Low (near) Orbits in the general rdnqe of a
Earth orbit few hundred miles above the Earth's

surface. The shuttle will normally
have an orbital altitude of 160
nautical miles.

Nautical mile A unit of distance used principally
in navigation equal to 1.151 statute
miles, or 6,080 feet.

Orbit A closed path under the influence
of gravitational or other force.

Orbital The angle between the plane of an
inclination orbit and the Equator. For example,

a polar orbit has a 90-degree in-
clination and an equatorial orbit
has a 0-degree inclination.

Payload A specific complement of instruments,
space equipment, and support hardware
carried aloft to accomplish a mission
or discrete activity in space.

Polar orbit An orbit which crosses the Earth's
poles on every revolution around the
Earth. It has a 90-degree orbital
inclination.



Real-year Also known as current dollars, aredollars always associated with the purchasing
power of the dollar in the year thatthe expenditure will occur. Whenfuture costs are stated, the figures
given are actual amounts which willbe paid, including inflation.

Sonic boom A shock wave created by an air-
craft traveling at supersonic speeds.Space shuttle launches and orbiter
landings must be constrained sothat unacceptable sonic booms willnot impinge on populated areas.

Sun-synchronous An orbit which retains the sameorbit Sun-Earth orientation as the Earth
moves around the Sun. Practical in-clinations are between 96 and 104degrees, depending on spacecraft
altitude.

1971 dollars The purchasing power of the dollarwith 1971 as the base year. Esti-
mates are in base-year dollars whenfuture costs are adjusted to exclude
inflation.



CHAPTER 1

THE SHUTTLE IN PERSPECTIVE

Early in 1972 President Richard M. Nixon announced the
decision to proceed with development of a new space transpor-
tation system (STS) to meet civil and defense needs. The
multibillion dollar project would be the largest ongoing
research and development work in the United States.

Also in 1972 the two expected principal users, the
National Aeronautics and Space Administration (NASA) and the
Department of Defense (DOD), agreed that the program, to be
fully operational, would require two launch sites--Kennedy
Space Center (KSC) in Florida and Vandenberg Air Force
Base (VAFB) in California. NASA's plans called for a total
of five orbiters, operating interchangeably between the sites.

The program has progressed considerably since 1972. The
contractor delivered the first orbiter in September 1976
for approach and landing tests and will deliver a second
orbiter in October 1978 for the first orbital flight in 1979.
NASA's fiscal year 1978 budget included initial funds for a
third orbiter, and its fiscal year 1979 Dudget request in-
cludes production funds for two additional orbiters: the
structural test article upgraded to operational status and
a completely new vehicle, Orbiter 104. These vehicles will
ultimately cost $596.6 million and $851.6 million, respec-
tively. 1/ This will bring the total number of orbiters to
five. However, NASA does not plan to refurbish the approach
and landing test orbiter as an operational vehicle at this
time. This orbiter may be upgraded if future flight rates
or the accidental loss of an orbiter warrant such action.

NASA is constructing shuttle facilities at KSC, the pri-
mary launch, landing, and orbiter refurbishment site, scheduled
to become operational in mid-1980. The second site, VAFB,
will be funded by DOD and is exoected to become operational in
June 1983 at a cost of about $1 billion. DOD's fiscal year
1979 budget request includes a request for funds to begin STS
facility construction at VAFB.

The need for the second launch site and for the
additional orbiters is an important question with multi-
faceted considerations, political as well as economical.

1/Unless otherwise stated, costs in this report are expressed
in real-year dollars. (See glossary.)
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Current funding decisions may well affect the Nation's
space program during the next decade, thus the future of the
STS is now. To be evaluated fully, the issues perhaps should
be viewed in relation tc an overview of the Nation's involve-
ment in space.

OVERVIEW OF U.S. SPACE PROGRAM

On October 4, 1957, the Soviet Union successfully
launched Sputnik, an unmanned Earth-circling satellite--a
pioneer effort in space. Four years iater, the Soviet Union
put a man into orbit, another first-in-space effort.

These Soviet accomplishments prompted the United
States to reassert U.S. preeminence in the scientific and
technological fields. The Space Act of July 29, 1958,
established NASA, and Federal expenditures for research
and development increased about 15 percent annually during
the post-Sputnik period. For fiscal years 1959-70, about
$40 billion was appropriated for the civilian space
program.

The Nation's initial space programs, although highly
successful, were competitive, high-cost, catchup operations.
Although most unmenned space programs were, and continue to
be, justified on the basis of meeting priority requirements
cost effectively, the thrust of manned S.pace programs has
been to explore man's relation to the space environment.
(See fig. 1.) For example:

-- The primary goal of the Mercury program was
to put man into orbit.

-- The Gemini program concentrated on space
operations, such as orbital rendezvous
maneuvers and extravehicular activities.

-- The Apollo program focused on a lunar landing
and return. Even though much scientific knowl-
edge was gained, Apollo was primarily a formi-
dable engineering, hardware-building, and
training effort, not a scientific investigation
program.

-- Finally, the initial era of manned space flight
essentially ended in the early 1970s with the
Skylab program, which was basically a three-man
space station to test man's long-duration capabi-
lities in space. The program, first called Apollo
Applications Program, initially called for a buildup

2
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to about 25 flights a yedr, while preparing to
phase in a 12-person space station, but the
Skylab program ended after three missions. Be-
tween Skylab and STS, there was a one-mission
program, Apoiio-Soyuz, which was an international
linkup in orbit with a manned Russian spacecraft.

The best known of these programs is probably the Apollo
project which began in 1961 when President John F. Kennedy
proposed that:

"* * * this Nation should commit itself to achieving
the goal, before this decade is out, of land. ag a
man on the moon and returning him safely to earth."

This dramatic proposal is perhaps better viewed in relation
to foreign policy than to space science. President Kennedy
viewed a lunar landing primarily as a means to enhance the
U.S. position in the international political arena. The Pres-
idential goal proved compelling and received strong congres-
Lional support as evidenced by massive funding, eventually
totaling over $20 billion.

After the manned lunar landing took place on July 20,
1969, the question for policymakers was: "Where shall we
go from here?"

EMERGENCE OF STS

In successfully completing Project Apollo, NASA had
become heavily invested in manned flight capabilities--
especially in terms of physical facilities. For example,
three of NASA's major centers were geared almost completely
to manned space activities--KSC; Manned Spacecraft Center (now
called Johnson Space Center) in Houston, Texas; and Marshall
Spaceflight Center in Huntsville, Alabama.

Space policy debates in 1969 were not characterized by
a sense of urgency or a crisis like the 1961 setting. The
idea of direct competition with the Soviet Union in space
spectaculars no longer had popular support. Perhaps due
largely to escalating costs of the Vietnam war and to Earth-
priority debates which frequently characterized space funding
as misguided Government spending, President Lyndon Johnson
refused to approve any post-Apollo manned flight programs.
In fact, in his last budget, President Johnson specifically
left decisions on future manned space activity to the Nixon
administration)
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It was within this institutional and political setting
that NASA proposed a continuing commitment to manned flight
activity. NASA sought Presidential approval of a space
station, with the space shuttle as a subelement, as the next
goal in manned flight. In perspective, it is obvious that
the Apollo project greatly influenced discussions of future
space goals. For instance, NASA proposed alternatively
that a manned expedition to Mars be selected as a post-Apollo
goal.

President Nixon was unwilling to commit the Nation to
a major new space program, essentially due to budgetary con-
straints reflecting a restrictive fiscal policy to control
inflation. Consequently, NASA's fiscal year 1971 budget
was reduced 15 percent from that of 1970. Thus, through
the budget process, the space program was reclassified in
relation to other national priorities. On March 7, 1970,
the President made the following formal statement:

"Over the last decade, the principal goal of our
Nation's space program has been the moon. * * *
we must now define new goals which make sense for
the seventies. * * * many critical problems here
on this planet make high priority demands on our
attention and our resources. By no means should
we allow our space program to stagnate. But
* * * we should not try to do everything at once.
Our approach to space must * * * also be
balanced."

* * * *

"We must also realize that space expenditures must
take their proper place within a rigorous system of
national priorities. What we do in space from here
on in must become a normal and regular part of our
national life and must therefore be planned in con-
junction with all of the other undertakings which
are also important to us."

In view of the President's statement and a reduced budg-
et, NASA had to give up plans to jointly develop a space
station and a space shuttle. Of the two, the space station
was much further along in design definition; but, without
a relatively low-cost transportation system, the entire space
budget could be expended on just supplying the station. Hence,
a major reversal of priorities took place, and the shuttle
emerged as the space program's foremost research and develop-
ment program for the 1970s and was disassociated from the
space station. This required NASA to consider a wholly new
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rationale or justification for the shuttle's development
on the basis of the shuttle's own merits, rather than itsuse as a space station supply vehicle.

Detailed planning of the space shuttle had begun inJanuary 1969, when NASA awarded several contracts for feasi-bility studies. Later that year, after NASA received initialassessments from contracrtrs, it decided on a fully reus-able, two-stage shuttle and projected that development costswould be about $5.2 billion (1969 dollars). About a yearlater, the estimate was revised, almost doubling to about
$1C billion (1971 dollars). Concerned about system devel-opment costs, the Office of Management and Budget (OMB) askedNASA to conduct a cost-benefit analysis of the shuttle. NASAcontracted with Mathematica, Inc., Princeton, New Jersey, tostudy the relative economic merits of

-- the current expendable system, focusing on continued
use o. the present inventory of expendable launch
vehicles;

--a new expendable system, envisaging a new family ofexpendable vehicles with improved performance; and

--a new space transportation system, using two fully
reusable elements--a space shuttle operating between
the Earth's surface and low orbits and a space tug
providing access from the orbiting shuttle to higher
orbits.

Mathematica concluded in its 1971 report that the fullyreusable STS configuration would be cost effective if theU.S. space program averaged about 45 flights a year during1978-90. The issue of whether or not the new STS would ac-
tually be cost effective was very controversial and involvedarguments too numerous and complex to summarize here. However,
it was recognized that (1) any analysis of the shuttle's costeffectiveness could only be, at best, highly speculative and
hypothetical and (2) because the cost ranges were so great,economics should not be the primary basis for decision; rather,the decision should focus on the mission and objectives to beachieved. In fact, Mathematica's report emphasized that:

"* * * any investment can only be justified byits goals. This applies to business as well as
to government, hence also NASA. A new reusable
Space Transportation System should only be intro-
duced if it can be shown, conclusively, what it
is to be used for and that the intended uses aremeaningful to those who have to appropriate tnefunds * * *." (Underscoring supplied.)
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Many of the economic justification arguments for the
fully zeusable STS configuration proved to be somewhat moot.
The executive branch and the Congi;. had doubts about the
advisability of the proposed new sv:s{-em. Besides questions
about the technical risks associat;e with pushing the state
of the art, there were concerns about the high development
costs of a fully reusable system, which would require at least
$2 billion (1971 dollars) annually in peak funding years.
The administration had indicated a willingness to support
a $1 billion (1971 dollars) peak-year funding, which equated
to a relatively constant NASA budget of $3.3 billion
(1971 dollars) during development years. So, during initial
budget sessions for fiscal 1973, OMB, with White House
backing, informed NASA that such an advanced, expensive
system would not be approved.

This budgetary mandate caused NASA to have contractors
L search a less costly and more technically feasible configu-
ration. A confusing array of new designs appeared, ranging
from an advanced expendable system to a space glider or
smaller orbiter. Intense debates and deliberations followed
among the President's Office of Science and Technology,
congressional committees and members, OMB, NASA, and con-
tractors. These discussions again raised the basic issue
of whether or not a shuttle was really needed because there
were no specific national space goals for !:ha 1980s or any
agreement of what they should be.

The design finally adopted was a compromise, a partially
reusable sysqtem consisting of a large expendable propellant
tank; twin recoverable, solid-fueled rocket boosters; and a
manned orbiter vehicle. Mathematica also analyzed the economic
merits of this configuration and concludel in January 1972 that
the partially reusable shuttle would break even at an annual
activity level of about 25 flights. NASA describes Mathemat-
ica's analysis as the basic study which established the eco-
nomic superiority of the shuttle. This configuration was
approved for development by the President in January 1972 and
by the Congress in March of that same year. The key economic
parameters were $5.15 billion (1971 dollars) for development
with $1 billion (1971 dollars) annually during peak funding
years. Thus, through rigorous, independent oversight proced-
ures, shuttle development costs were cut nearly in half.
Explaining the development decision, President Nixon said
that "the space shuttle will give us routine access to space
by sharply reducing costs in dollars and preparation time."

The fiscal year 1979 congressional funding decisions will
probably establish the major operational parameters of the STS
in terms of launch sites and the number of orbiters and
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thereby influence the Nation's space activities during
the next decade. DOD has requested funds to begin STS
facility construction at VAFB, and NASA has reques:ed funds
to start production of another orbiter. After learning that
the cost to construct and operate VAFB to serve the DOD and
civil polar-launch activities during 1983-92 would be $3.5
billion, we decided to look into this matter and the number
of orbiters needed.

The results of our review have been reported informally
to appropriate Senate and House subcommittees cesponsible
for NASA and DOD program authorization and appropriations.
In addition, our findings were formally presented in testimony
on March 9, 1978, before the Subcommittees on Defense, HUD-
Independent Agencies, and Military Construction. House Commit-
tee on Appropriations.

Our findings on these important issues--the need for a
second launch site and the need for more than three orbiters--
are discussed in the following chapters.

SCOPE OF REVIEW

We made our review at NASA Headquarters, Washington, D.C.;
Johnson Space Center, Texas; Marshall Space Flight Center,
Alabama; DOD Headquarters, Washington, D.C.; Vandenberg Air
Force Base, California; and the Air Force Space and Missile
Systems Crganization, El Segundo, California.

In conducting our review, we looked at documen:,-
records, and reports and interviewed officials at Government
agencies and contractor organizations. We also discussed
program aspects with NASA and DOD officials. We used the
technical expertise of a consultant to assist us in reviewing
the highly technical areas.

We brought our findings to the attention of NASA, DOD,
Department of State, and OMB officials. Their comments and
observations have been incorporated as appropriate in this
report and are included as appendixes VI, VII, VIII, and
IX. We have previously issued six reports on STS. (See app.
X.)
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